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A decrease in cerebral blood flow and oxygen consumption below values established for normal young individuals ws-as demonstrated to be secondary to the presence of arteriosclerosis and not to cardiac decompensation as had previously been concluded. It was also found that in the series studied the increased venous and cerebrospinal fluid pressures were not of sufficient magnitude to affect the cerebral circulation. The factor of a decreased arterial carbon dioxide tension as a cause for diminished cerebral blood flow in cardiac decompensation was similarly considered and dismisse(l.
T HE INTRODUCTION of the nitrous oxide method' for the quantitative measurement of the cerebral circulation in humans has stimulated a renewed interest in the abnormalities of the cerebral hemodynamics and metabolism present in congesgestive heart failure. The earliest studies pertineint to this problem were the observations of Harrisoni,2 who noted that in congestive heart failure the spinal fluid pressure is elevated to approximately the same extent as the venous pressure. It was further found that in such circumstances spinal fluid drainage results in a temporary improvement of orthopnea and dyspnea and a drop in the venous pressure. The implication of this study was that the cerebral circulation was aided by reducing the resistance offered by the increased intracranial pressure with consequent improvement of symptoms attributed to anoxia of the respiratory center.
The first application of the nitrous oxide technic to the actual measurement of the cerebral blood flow in cardiac decompensation reFrom the Departments of Neurosurgery and Research, Albert Einstein Medical Center, Southern Division, Philadelphia, Pa. This work was supported by a grant from the National Institutes of Health of the United States Public Health Service Dr. 'Novack is a National Heart Institute Postdoctorate Research Fellow. 724 sulted in a report that the cerebral blood flow is reduced 39 per cent below the normal. 3 The cerebral metabolism with respect to oxygen and glucose utilization was also found to be significantly reduced. This impairment of the cerebral metabolic rate was considered to result from an inability of the brain to increase its oxygen extraction from the blood in proportion to the drop in blood flow.
Scheinberg3 inferred that the reduction in cerebral blood flow which he found was related to the 40 per cent reduction in cardiac output found by Stead4 in a study of a series of patients with a similar degree of cardiac failure. However, the immediate mechanism producing a decreased cerebral blood flow was considered to be an intense cerebrovascular constriction. This was based upon the fact that a mean increase in the cerebrovascular resistance of 100 per cent above normal was found in the patients in congestive heart failure whose cerebral circulations were studied. An explanation for this increased cerebrovascular resistance was, however, wanting for lack of data relevant to the various factors influencing this quantity.
Perhaps the most important single factor in the intrinsic regulation of the cerebrovascular tone is the tension of carbon dioxide (pCO2) in the blood. An increased arterial blood carbon dioxide tension has been shown to produce Circulation, Volume VII, May 1953 cerebral vasodilatation with a consequent increase in the cerebral blood flow.. Conversely, a decreased arterial blood carbon dioxide tension, such as could occur in the hyperventilation of heart failure, causes cerebral vasoconstriction and a decreased cerebral blood flow.6 It is thus evident that a consideration of the carbon dioxide tension of arterial blood is essential to the understanding of any alteration of the cerebral hemodynamics.
Other physical factors which must also be considered as capable of contributing to an increased cerebrovascular resistance are the venous pressure in the internal jugular vessel and the cerebrospinal fluid pressure. In normal circumstances measurement of these quantities may be neglected. In congestive heart failure both are elevated, and their contributions to the production of increased cerebrovascular resistance must be evaluated. Although neither of these quantities was measured in the first report cited,3 a more recent publication by Moyer and co-workers7 mentions that the effect of the increased venous pressure may be considered negligible. These authors confirmed the presence of decreased cerebral blood flow (20 per cent) and an increased cerebrovascular resistance in the presence of congestive heart failure but found cerebral oxygen utilization to be normal. However, neither the blood carbon dioxide tension nor the cerebrospinal fluid pressure was measured in this investigation.
In addition to such physical and chemical changes which may be characteristic of congestive heart failure and thus responsible for the abnormalities of the cerebral hemodynamics and metabolism that have been found, another factor to be considered is the proper selection of controls for the purpose of comparing the parameters measured. In the previous studies cited, ' 7 the values found for normal individuals were used to assess the changes found in cardiac decompensation. Such a procedure overlooks the possibility that deviations from the normal as observed in the presence of congestive heart failure may be a result of the very vascular abnormalities eventuating in the cardiac decompensation. In other words, the hypertension and/or arteriosclerosis responsible for the majority of the cases of congestive heart failure studied may have been responsible for the observed abnormalities rather than the heart failure itself being the principal causative factor. In an effort to eliminate this objection, we have used a control group composed of individuals with comparable vascular changes but lacking heart failure.
METHODS
The cerebral blood flow was measured by the nitrous oxide technic of Kety.' The patients were in the fasting state and in the recumbent position. The jugular venous pressure (JVP) was measured with a spinal fluid manometer, using the level at which the vessel was entered as the reference point. The brachial venous pressure (BVP) was measured in an antecubital tributary with a spinal fluid manometer, the reference level being a plane 5 cm. posterior to the plane of the sternal angle of Louis. The mean arterial blood pressure (MABP) was measured in a femoral artery using a damped mercury manometer. The cerebrospinal fluid pressure (CSFP) was measured in the lumbar region in the supine position, using either a spinal fluid manometer or a Statham strain gage manometer. The reference level used was a plane 3.5 cm. above the mattress on which the patient was lying. The oxygen and carbon dioxide contents of the venous and arterial blood were determined b. the method of Van Slyke.8 Blood pH was determined anaerobically at room temperature, using a glass electrode. The values were corrected to body temperature by the method of Rosenthal.9 The carbon dioxide tensions of arterial and venous blood samples were determined by the use of standard nomograms.8 Blood glucose was determined by the method of Somogyi mean arterial blood pressure and the jugular venous pressure, each expressed in mm. Hg. Table 1 presents in outline form a brief summary of the important clinical features of the cases studied. The majority of the patients were in the sixth The mean brachial venous pressure of 111 mm. H20 is significantly higher than the mean values of 61 mm. H20 for the "controls" and 70 mm. H20 for the "normals." Similarly, the mean jugular venous pressure of 120 mm. H20 and the mean cerebrospinal fluid pressure of 255 mm. H20 for the congestive heart failure group are both significantly higher than the respective values for the "control" group which are 80 mm. H20 and 202 mm. H20. Although the jugular venous pressure of the decompensation group is higher than the mean value of 103 mm. H20 for the "normals," the difference is not statistically significant. The mean cerebrospinal fluid pressure of the failure group is, however, significantly higher than the mean value of 202 mm. H20 for the "normals."
MATERIAL

RESULTS
Coming now to the important quantity of cerebral blood flow, the value of 40 cc. per 100 Gm. per minute in congestive heart failure is not significantly lower than the mean of 48 cc. per 100 Gm. per minute for the "control" group. The former value is, however, significantly below the mean normal value for the cerebral blood flow of 53 Table 3 summarizes the values obtained for the various blood constituents of the three groups. Without repeating the individual values noted in the table, it is sufficient to point out that there are no significant(differences among the three groups for any of the quantities measured. DISCUSSION The results of this investigation indicate that moderate heart failure in itself does not significantly lower the cerebral blood flow below the level found in the presence of arteriosclerosis without heart failure. The meaii value for the cerebral blood flow of 40 cc. per 100 Gm. per minute in the failure group does not differ significantly from the value of 48 cc. per 100 Gm. per minute in a control arteriosclerotic group. The fact that there is a difference, albeit not a statistically significant one, may be attributed to errors of random sampling and the probable existence of a severer degree of arteriosclerosis in the failure group than in the "control" group. Such reduction of the cerebral blood flow that is observed is principally a function of organic occlusive changes in the cerebral vasculature of a group at this age level and is not directly caused by congestive heart failure. The finding by Moyer and associates,7 using similar technics, of a cerebral blood flow of 45 cc. per 100 Gm. per minute inl congestive heart failure as compared to their normal of 53 cc. per 100 Gm. per minute is in close agreement with our own observations. The significance of their findings, as would be true of our own, is misinterpreted without reference to a proper 'control" group such as we have presented. The absolute values reported by Scheinberg3 are not strictly comparable to our own because of differences inl technic used.
The reduced cerebral metabolic rate (oxygen) noted in the failure series is also related to the presence of older age and arteriosclerosis rather than to the presence of cardiac decompensation. Both failure and "control" groups show an approximately 20 per cent reduction of the cerebral metabolic rate (oxygen) below the normal value of 3.4 cc. per 100 Gm. per minute. The exact significance of this reduced metabolic rate in the presence of arteriosclerosis is not immediately apparent, although an excellent correlation exists between the reductions from normal of the cerebral blood flow and the cerebral metabolic rate in respect to oxygen (correlation coefficient, 0.75). Our results also fail to reveal a significant depression in glucose utilization in either the "control" arteriosclerotic group or the failure group. These relationships are discussed more fully elsewhere.11
On first inspection of the results, it would appear that there actually is an increased cerebral vascular resistance in the presence of congestive heart failure. The value of 2.6 mm. Hg per cc. per 100 Gm. per minute is significantly higher than the "control" value of 2.0 mm. Hg per cubic centimeter per 100 Gm. per minute. However, it must be recalled that an increased cerebral vascular resistance without concomitant change in the cerebral blood flow is a characteristic pattern in essential hypertension."2 If the cerebral vascular resistance of the failure group is recalculated after eliminating the seven instances in which the mean arterial blood pressure is above 115 mm. Hg, a value of 2.2 mm. Hg per cubic centimeter per 100 Gm. per minute is obtained, and this does not differ from the "control" value. It is thus seen that it is unnecessary to implicate changes in the arterial carbon dioxide tensions in order to explain an increased cerebral vascular resistance in congestive heart failure, for there actually is no increased cerebral vascular resistance attributable to the failure, per se.
As implied in the foregoing discussion, no differences among the mean values for the arterial carbon dioxide tension in the three groups compared were found. Furthermore, no correlation was found between the arterial carbon dioxide tension and the cerebral blood flow in the failure series. Thus, whatever instances of a reduced cerebral blood flow were found accompanying congestive heart failure, could not be related to a decreased arterial carbon dioxide tension.
The presence of an elevated venous pressure, both brachial and jugular, and an elevated cerebrospinal fluid pressure are to be expected in the presence of congestive heart failure, and our series is no exception. A general parallelism between the degree of elevation of the venous pressure and the cerebrospinal fluid pressure has been previously noted2 and is confirmed in our data. The degree to which an elevated cerebrospinal fluid pressure might be responsible for an increased cerebral vascular resistance and a decreased cerebral blood flow in this series is probably negligible. Kety, Shenkin, and Schmidtli have demonstrated that the cerebrospinal fluid pressure must exceed the critical level of 450 mm. H20 before the cerebral blood flow is significantly reduced by increased intracranial tension. Certainly, however, we cannot exclude the possibility that in isolated cases such values are obtained and may thus contribute to cerebral circulatory insufficiency with resultant mental changes. Similarly, although we are unable to correlate decreases in cerebral blood flow and increases in cerebral vascular resistance with the magnitude of the venous pressure elevation or the severity of the failure as judged clinically, we cannot exclude the existence of a critical level for the cardiac output below which the cerebral circulation is embarrassed. Reason would lead us to believe that this probably is the case. However, in a limited series such as has been studied, such factors as degree of failure, height of cerebrospinal fluid pressure and height of venous pressure are of little significance in the etiology of such changes as were found. The general absence of mental symptoms among the failure cases studied precludes the drawing of conclusions concerning the relationship of changes in cerebral blood flow and the cerebral utilization of oxygen to the occurrence of alterations of consciousness or personality. However, as has been implied, in extreme cases of congestive failure, such mental aberrations could be attributed to any or all of the various mechanisms enumerated.
On a purely teleologic basis, what has been demonstrated by actual measurement, the tendency for the cerebral circulation to be maintained in spite of a decreasing cardiac output, might well have been predicted. One would expect such protection to be afforded to the circulation of an organ so sensitive to anoxic and anemic changes as is the brain. Investigation has shown a similar relationship to hold for the coronary circulation in congestive heart failure. Both coronary blood flow CItIA3BRAL CIRCULATION AND ME,TABOLISM and myocardial oxygen utilization are maintained in the face of marked decreases in the cardiac output.'4 On the other hand, the hepatic flow is decreased in proportion to the drop in cardiac output,'5 and the renal blood flow is decreased to a much greater extent than is the cardiac output.'6 From these various studies there thus emerges a basic physiologic pattern: the redistribution of a reduced cardiac output in congestive failure in such a way as to preserve the circulation of the two organs most essential for immediate survival, the heart and the brain. and vascular resistance have been studied in a group of 15 patients + ith moderately congestive heart failure. No significant differences were found when the respective values were compared with values obtained for a control group.
2. The cerebral oxygen utilization and blood flow in congestive heart failure were found to be significantly reduced below values established for normal young individuals, but these changes were demonstrated to be a function of increasing age and arteriosclerosis and not of congestive heart failure.
3. Both internal jugular venous pressure and cerebrospinal fluid pressure were found to be elevated in cardiac decompensation. These elevations were of similar magnitudes, but in no instance in the series studied was the degree of elevation of either quantity sufficient to adversely influence the cerebral circulation.
4. Measurement of arterial carbon dioxide tension failed to reveal instances of a reduced cerebral blood flow which could be attributed to a reduced arterial carbon dioxide tension.
5. It is concluded that in congestive heart failure there is a tendency for the cerebral blood flow and metabolism to be maintained in the face of a diminished cardiac output, although the possibility of cerebral circulatory embarrassment in extreme degrees of failure has not been excluded and is even considered quite likely.
